Summary
The cyclotron is routinely operated with three simultaneously extracted beams and more are planned. A double beam has been sent down one line with sufficient separation for magnetic splitting. The extracted beam intensity can now be continuously varied from 103 to 1015 protons/s (170 VA). The highest intensities were obtained by the addition of a second harmonic buncher in the injection beam line. Direct measurements of the electromagnetic H-stripping losses agree with those expected. Beam-defining slits have been used to reduce the energy spread (AE/E) of the extracted beam to 10-3 at all energies between 200 and 500 MeV. Under certain circumstances the medium resolution spectrometer has measured a resolution a factor of two better. Depolarizing resonances have been located and one of them corrected. A number of new experimental facilities have been commissioned recently. These include a low intensity polarized proton line operating to a polarized target, a high luminosity, low energy Tr-p channel, and a clean cloud or surface muon channel using a velocity separator. The influence of the beam size and target shape on the characteristics of secondary particles has been examined.
High Intensity Developments
The maximum intensity extracted from the TRIUMF cyclotron at 500 MeV has been 150 pA cw Figure 1 shows the calculated velocity modulation for this system (c), compared to the ideal modulation (a) and that for a single buncher at 23 MHz (b).
Also shown is the measured velocity acceptance (50% level) of the injection system and cyclotron, a limiting factor which reduces the transmission from a possible 85% to -50%. 3 Fig. 2 . To achieve this agreement, the electrostatic voltages had to be measured to an accuracy of two percent.
To obtain a more exact knowledge of the gas and electromagnetic stripping loss than can be obtained from transmission measurements two multi-plate secondary emission detectors have been installed at the periphery of the vacuum tank. Stripped neutral atoms leave Horbits tangentially and each detector samples a region extending from the highest to the lowest energies. That of the first detector lies on a hill where both gas and electromagnetic stripping occur; the second accepts gasstripped atoms from a valley. The first detector was calibrated with protons stripped by current measuring probes. Figure 3 compares the cumulative electromagnetic loss with that predicted by numerical integration using the cross section of Scherk3 and the measured energy gain/turn. The latter was obtained as a function of radius by measuring the flight time of a pulsed beam from the injection line to a moveable probe. (assumed proportional to the field it produces) and IO for that needed to correct the existing imperfection.
Proton Beam Lines
The simultaneous transport of two separate beams, originating from separate stripping foils, down a single beam line has been successfully demonstrated. A theoretical simulation indicated that a single stripping foil structure consisting of wide and narrow parts (Fig. 7) would result in well separated beam spots (solid curves) at lATl (Fig. 8) Pion and Muon Beams
The particle fluxes and contaminations in the secondary channels viewing the T2 production target (Fig.  8) 
